Osteopetrosis is a heterogeneous group of bone disorders characterized by the failure of osteoclasts t o resorb bone and by several immunological defects including macrophage dysfunction. Two compounds, colony-stimulating factor-I (CSF-1) and vitamin D-binding protein-macrophage activating factor (DBP-MAF) were used in the present study t o evaluate their effects on the peritoneal population of cells and on cells within the bone marrow microenvironment in normal and incisors absent (ia) osteopetrotic rats. Previous studies in this laboratory have demonstrated that administration of DBP-MAF t o newborn ia animals results in a substantial increase in bone marrow cavity size due t o upregulated osteoclast function. To study the effects of these compounds on the macrophage/osteoclast precursors, DBP-MAF, CSF-1, and the combination of these compounds were given t o newborn ia and normal littermate animals. Both the normal and mutant phenotypes responded similarly when treated with these compounds. Rats exhibited a profound shift toward the macrophage lineage from the neutrophil lineage when compared with vehicle-treated control animals after treatment with these compounds. In the in vivo peritoneal lavage study, animals received injections of CSF-1, DBP-MAF or DBP-MAFICSF-1 over a 4-week period. The various ITAMIN D-BINDING PROTEIN is a novel serum pro-V tein that, through a series of enzymatic cleavages, can be converted to a potent macrophage activating factor, vitamin D-binding protein-macrophage activating factor (DBP-MAF).' The parent, precleaved compound, vitamin D-binding protein, has been implicated in many physiological events. In contrast, the recently discovered DBP-MAF has only been characterized to a limited extent.
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The DBP, also known as group-specific component or Gcglobulin, has one vitamin D-binding site that binds vitamin D metabolites in plasma.*,' The name vitamin D-binding protein may be a misnomer given that the protein also binds actin and other agents with equal affinitie~.~.' The parent DBP compound circulates at a 30-to SO-fold excess over vitamin D and the metabolites it carries,6 with a plasma concentration of 5 to 8 x mol/L.' Physical characteristics of the human protein show a 58,000 molecular weight molecule that can be divided into three domains. The third types of cells in the peritoneal cavity were then enumerated. The in vitro study consisted of cells isolated from the bone marrow microenvironment and cultured on feeder layers of CSF-1, DBP-MAF, or DBP-MAFICSF-1 for colony enumeration. The increase in macrophage numbers at the expense of neutrophil numbers could be seen in both the in vivo and in vitro experiments. The macrophage/osteoclast and neutrophil lineages have a common precursor, the granulocyte/macrophage colony-forming cell (GM-CFC). With the addition of CSF-1, the GM-CFC precursor may be induced into the macrophage/osteoclast lineage rather than the granulocyte lineage. This increased pool of cells in the macrophage/osteoclast lineage can be functionally upregulated with the subsequent addition of DBP-MAF t o perform the activities of phagocytosis and bone resorption. The in vitro data also showed that DBP-MAF did not support colony development as in CSF-1 or the combination treatment. The recruitment and activation of cells into the macrophage/ osteoclast lineage may help t o correct the bone and immune defects found in diseases demonstrating a significant lack of myeloid cells, as well as neutrophilia disorders and the disease, osteopetrosis. 0 1996 by The American Society of Hematology.
domain (nearest to the C-terminus portion of the DBP molecule) contains an important glycosylation site.* This 0-linked glycosylation contains a galactose and a sialic acid residue that can be cleaved by an inducible /?-galactosidase enzyme produced by B cells and an inducible sialidase enzyme produced by T cells in response to inflammation.l,x-'(' When this modification of the DBP molecule occurs, the resulting protein becomes a potent activator of macrophages, DBP-MAF.
DBP-MAF was originally found to play a role in the activation of macrophages during the inflammatory response.'.'"." More recently, DBP-MAF has been shown to have an effect on the skeleton as well. The osteoclast is the cell responsible for bone resorption and is a descendant of the same precursor cell that gives rise to the mononuclear/ phagocytic lineage."~I5 Even though the mature progeny of this lineage, macrophages and osteoclasts, differ greatly with respect to structure and function, the effects of DBP-MAF were evaluated in an osteopetrotic mutant showing defective osteoclastic activity.
The incisors absent (ia) rat mutation shows defects in both osteoclast activity and in some aspects of the immune response."^" Similar to the childhood form of the disease, this osteopetrotic animal shows a diminished bone marrow cavity because of the near absence of osteoclast function.'" The ia rat mutation is an autosomal recessive disorder whose phenotype improves with 1,2S-dihydroxyvitamin D, treatment,"' interleukin (1L)-2 treatment," and hematopoietic stem cell transplantation."
Colony-stimulating factor-] (CSF-1) is a growth factor on which mononuclear phagocytes are dependent for their survival.*'^'' This growth factor has been characterized as to its effects on the cells in the mononuclear phagocytic lineage.
Additionally, CSF-1 has been used in the treatment and partial cure of two osteopetrotic animal mutations, the osteopetrotic (op) mouse?426 and the toothless ( t o rat.".** However, to date, a CSF-I defect has not been found in osteopetrotic children. Therefore, therapy using CSF-I alone has not been warranted.*' Several osteopetrotic mutations show defects in cell populations that are important immunologically. Defects in lymphocyte population^,'^^^^^^' mast cells:* ne~trophils,3~.~~ as well as macrophage^".^^ have all been reported. Therefore, these cells, which normally populate the peritoneal cavity, were isolated to study the effects of DBP-MAF, CSF-1, and the combination of these treatments on cells that play a role in immune function, as well as on cells that have common precursors to the osteoclast.
The ia rat mutation was used in these studies because, unlike other osteopetrotic mutations, this animal has abundant levels of all of these cells, as well as osteoclasts, whereas other mutations lack one or more of these cellular populations (for review, see Seifert) . 36 In the ia mutation, osteoclasts are present, but lack a ruffled border, the site of active bone resorption.'6 In a previous study, ia rats were treated with ex vivo generated DBP-MAF, which resulted in a significant increase in bone marrow cavity size when compared with the sham-injected control animals. Additionally, the presence of a ruffled border adjacent to the bone surface appeared with DBP-MAF treatment. Superoxide production by osteoclasts in osteopetrotic ia animals is substantially reduced. When ia rats were treated with DBP-MAF, this reduction was corrected to normal levels."
It was hypothesized that the addition of CSF-1 to the system (administered before the DBP-MAF) would enhance macrophage precursor numbers, which could then be directed in their differentiation and activation by DBP-MAF to elevate both bone resorption and immune function in these mutants. This combination was used to determine the skeletal effects of the therapy in a previous study. When CSF-I was administered in combination with DBP-MAF, enhanced osteoclast activity was observed that resulted in an increased bone marmw cavity size. 38 The increase in marrow cavity size with the combination treatment was greater than the increase observed with either compound alone. In fact, in the ia mutation, CSF-1 had no effect on the skeletal system.
The peritoneal cavity provides a unique environment of cells that can be easily isolated and quantitated. Therefore, these cells were studied t o determine the effects of CSF-I, DBP-MAF, and the combination of the two on cells in the CFU-GM (colony-forming unit-granulocytehacrophage) hematopoietic pathway. Additionally, colony-forming assays were performed to evaluate the effects of these compounds on bone marrow stem cells in vitro.
The studies reported here show that all three treatment groups, DBP-MAF, CSF-1, and the combination of these treatments have a similar effect on the differentiation of the hematopoietic cells. With treatment, the GM-CFC is induced into the macrophage lineage pathway. As this population increases, the neutrophil population subsequently decreases. Although all treatments elicited a significant effect, CSF-1 and the combination of DBP-MAF and CSF-1 exhibited the most profound effect on these cellular populations.
MATERIALS AND METHODS

Animals
The rats used in these studies were obtained from a colony bred to maintain the ia mutation at the Finch University of Health Sciencesme Chicago Medical School. Breeding groups were set up to produce litters of idia and f l i a genotypes. The idia animals can be identified on day 10 after birth by the failure of the incisors to erupt. The +ha rats of this stock appear to be phenotypically equivalent to +/+ animals and were used as normal controls. Animals were maintained and used according to the recommendations in the National Institutes of Health Guidefor the Care and Use ofhboratory Animals and the guidelines of the Institutional Animal Care and Use Committee at the Finch University of Health Sciencesme Chicago Medical School. Injection Protocol Newborn rats were injected using several injection protocols to study the effects of CSF-I, DBP-MAF, and the combination of the two compounds. Rats were subcutaneously injected at the nape of the neck to prevent damage to the peritoneal cavity and to insure accurate differential counts from the peritoneal lavage.
To assess the effects of CSF-1 alone on the animals, human recombinant CSF-1 (Chiron Corp, Emoryville, CA) was administered in a dosage of 100,OOO Wanimal every other day for a period of 4 weeks. Similarly, the effects of DBP-MAF alone were determined in a 4-week injection schedule using 200 pglanimal every 4 days. The DBP-MAF used in these studies was a generous gift from Dr N. Yamamoto (Laboratory of Cancer Immunology and Molecular Biology, Albert Einstein Cancer Center, Philadelphia, PA).
The combination treatment (DBP-MAF and CSF-1) was administered to the animals starting at birth for 4 weeks; the rats were treated every other day with alternating injections of CSF-I followed by DBP-MAF (eg, CSF-1 on days 1, 5, 9, and so on; DBP-MAF on days 3, 7, 11 and so on). Saline injections on separate litters were performed following the same schedule for the appropriate time course for all control studies.
Evaluation of Peritoneal Cavity
Animals were killed using diethyl ether inhalation. Ten milliliters of cold Hank's Balanced Salt Solution (Celox Corp, Hopkins, MN) was injected into the peritoneal cavity. The abdomen was massaged for 1 minute to dislodge adherent cells within the cavity. The fluid was then removed from the cavity, and the cells were gently pelleted in siliconized test tubes and resuspended in phosphate-buffered saline (PBS; Celox Corp) containing 5% heat inactivated fetal bovine serum (FBS; GIBCO BRL, Grand Island, NY). Peritoneal cells were counted using a hemocytometer, and their viability was evaluated using trypan-blue dye exclusion. A cytospin of the cells isolated from the peritoneal cavity was performed (Shandon Cytospin 2; Shandon, Pittsburgh, PA) using 50,000 viable cells per slide. The cells were fixed in 100% methanol, stained with Giemsa stain for 25 minutes, rinsed, and allowed to air-dry overnight. The samples were coversliped and counted using a Leitz OrthoPlan microscope (E. Leitz, Inc, Rockleigh, NJ). Eight fields per slide were chosen at random to obtain statistically relevant numbers. Cells in each category were counted based on morphological criteria (macrophages, mast cells, neutrophils and lymphocytes), and the percentage of each cell population was calculated. Data was analyzed using the Student's two-tailed t-test and the Bonferroni multiple comparison test. mm sterile petri plates using Iscove's media plus 10% FBS, 5% penicillin-streptomycin and 0.5% agar. This media was supplemented with 200 pglmL DBP-MAF, 10. OOO UlmL CSF-I, a combination of DBP-MAF and CSF-I at the aforementioned concentrations and control plates with no supplementation. One milliliter of feeder agar was placed in a 35-mm petri plate and allowed to solidify at room temperature. The femur of 4-week old normal and in mutant animals was isolated and the epiphyses removed. Bone marrow cells were removed by aspiration of one end of the shaft using a 20-gauge needle and a solution of PBS (70%) and FBS (30%). Ficoll-hypaque centrifugation was then performed on the isolated cells and the interface removed. Cells were counted using trypan blue exclusion for viability. Cells were resuspended at a concentration of 0.2 X IO6 cellslmL in Iscove's media with 10% FBS, S% penicillidstreptomycin, and 0.3% agar. One milliliter of cell suspension was gently layered onto the feeder layer, and the plates were allowed to incubate at 37°C at 5% COz for 7 days. The plates were then removed, and the cells were fixed with 100% methanol and stained with Giemsa stain. Colonies were enumerated and phenotypically analyzed at the light microscopic level using cellular and nuclear morphological criteria. A colony was defined as a cellular cluster composed of SO or more cells. All assay parameters were performed in triplicate. Comparisons between treatment groups were performed using the Bonferroni multiple comparison test.
Colony-Forming Assay
RESULTS
In Vivo Peritoneal Lavage Studies
Treatment qf normal and ia mutant animals with DBP-MAF alone. DBP-MAF was administered to newborn animals at a concentration of 200 pg/animal per injection. The animals were injected every 4 days for 4 weeks. This injection scheme was derived from studies regarding maximal macrophage activation after treatment with alkylglycerols to initiate the cascade of the DBP cleavage to DBP-MAF (for review, see Yamam~to~'.~').
When both normal and mutant animals were treated with DBP-MAF alone, there was a significant increase in the percentage of macrophages present in the peritoneal cavity when compared with control, sham-injected animals (see Fig  I) . These increases are considered extremely significant by the Bonferroni multiple comparison test.
The other cell population greatly affected by this treatment was the neutrophil. In contrast to the increased percentages in peritoneal macrophages, the neutrophil population decreased significantly when compared with untreated control animals (see Fig 2) . This decrease is also considered extremely significant by the same statistical tests. Other cell populations studied were not significantly effected with DBP-MAF treatment (data not shown).
Treatment qf normal and ia animals with CSF-I alone. When animals were treated with CSF-1 for 4 weeks at a concentration of 1 x Io" U per injection, there were again changes in cell populations within the peritoneal cavity. The increase in the macrophage population was similar to that observed with the DBP-MAF alone (see Fig I) . The difference in percentages from the CSF-I -treated animals was extremely significant when compared with vehicle control animals. A significant decrease in the neutrophil population could be seen in the CSF-I treatment as well (see Fig 2) . Again, the other cells evaluated within the peritoneum did "-I not constitute a significant difference in cell percentages from the control study.
Treatment of normal and ia animals with combined DBP-MAF and CSF-I therapy. A combined CSF-IDBP-MAF study was performed to study cell populations in the peritoneal cavity. This experiment was performed for 28 days, and animals were injected every alternate day with CSF-I (100,000 Uhnjection) and DBP-MAF (200 pghnjection). The increase in the macrophage cell populations is extremely significant when compared with that in the vehicle control study (see Fig I) . Conversely, there was an extremely significant decrease in the percentage of neutrophils after treatment when compared with that in the vehicle control studies (see Fig 2) . None of the other cell populations were significantly affected by this treatment (data not shown).
In these peritoneal studies, a significant increase in the percentage of macrophage cell numbers was observed in all treatment groups. The percentage of neutrophil cell numbers decreased with all treatments.
The total cell numbers within the peritoneum were calculated to determine if an increase in these numbers alone could account for the increase in the macrophage population percentages or if there was an actual shift from the neutrophil to the macrophagehonocyte lineage. The vehicle control studies were conducted for 28 days and were calculated from the same lavage as the previous studies. The 28-day sham injection values were 3.01 X IO7 t 4.86 X IO6 for the normal animals and 2.86 X IO7 t 3.51 X IO6 cells for the mutant animals.
The total cellular population within the peritoneal cavity was not significantly altered by any of the treatments (Fig 3) . None of the total cell numbers obtained in these experiments represents a significant difference from the vehicle control studies for total peritoneal cell numbers. Therefore, the effects of these compounds was not to increase the total cell numbers within the peritoneal cavity, but instead, recruit progenitor cells away from the neutrophil lineage and into the macrophagehonocyte lineage. These cells then migrate to and populate the peritoneal cavity in a normal manner.
In Vitro Colony-Forming Assay
In the colony-forming assay, bone marrow cells from both normal and mutant animals were plated in soft agar on feeder layers containing DBP-MAF, CSF-I, a combination of DBP-MAFI CSF-I and control layers containing no added factors. After incubating for 7 days, the colonies were counted using Giemsa stain for visualization of cellular and nuclear morphology. An overview of the total colonies present after 7 days shows that there was no statistical difference in the number of macrophage, neutrophil, or mixed colonies present on the control plates when compared with that of the DBP-MAF seeded plates for either phenotype (P > .05, data not shown). For the normal animals, there was a significant increase in the number of macrophage colonies present on
Statistical analysis of total colony numbers.
the CSF-I (18.0 t 3.61 v 60.3 t 12.5) and the combination treatment (18.0 ? 3.61 v 69.7 t 5.13) over both the control plates, as well as the DBP-MAF plates (24.3 t 3.74, P < .001 for all). In the mutant animals, the total macrophage colony population also increased significantly with CSF-I (28.0 t 6.56 v 5 1.3 t 5.03) and combination treatment (28.0 t 6.56 v 41.0 t 8.08).
Additionally, there were no significant differences in total colony numbers between the cells receiving CSF-I and the cells receiving the combination DBP-MAFKSF-1 supplementation (P > .05). This was true for all colony types.
In the neutrophil population, addition of CSF-I did not significantly alter the total number of these colonies (P > .OS, data not shown). When the combination DBP-MAF and CSF-I was added to the feeder layers, the normal animals showed a very significant decrease (18.7 f 3.06 v 7.67 t 1.53, P < .Ol) in the neutrophil colonies. In response to the combination treatment, the mutant ia animals showed a significant decrease in the total number of neutrophil colonies as well (17.0 ? 6.93 v 3.33 ? 2.08, P < .OS). The total number of mixed colonies was not affected by any treatment in either normal or mutant animals (P > .05, data not shown).
Analysis of the percentage of macrophage colonies.
When macrophage colonies were enumerated, there was no significant difference between normal control and the ia mutant control plates (see Fig 4) . There were significant increases in the percentages of macrophage colonies with the addition of CSF-I and the combination of these compounds in colony assays of both normal and mutant cells. In the normal animals, there was an extremely significant increase over control plates when DBP-MAF was added. Conversely, the difference between control plates and DBP-MAFtreated plates was not significant in the mutant animals (see Fig 4) . There was also no significant difference in the percentage of colonies in the CSF-I treated plates compared with the combination plates in either phenotype. the control plates of both the mutant and normal animals, no significant difference is observed (see Fig 5) . However, there was a significant decrease in the neutrophil population observed in the combination DBP-MAF/CSF-1 treatment when compared with that of the control cultures. In addition, the CSF-I -treated plates showed decreased colony numbers when compared with those of the control in both the normal and mutant animals. Cells from the normal animal bone marrow, when exposed to DBP-MAF, also showed a very significant decrease in the percentage of colonies; however, mutant cells failed to respond in a similar manner. There was also no significant difference in the percentage of colony numbers in the CSF-I plates when compared with that of the combination plates of either mutant or normal animals (see Fig 5) .
Mixed colonies are colonies that form with cells from both the macrophage lineage and the neutrophil lineage. There was no difference in mixed colony numbers between the mutant and the normal control assay plates (see Fig 6) . Additionally, no significant difference was observed between controls and any of the treatment groups of the normal animals. The mutant animals cells that formed mixed colonies on the DBP-MAF/CSF-1 feeder layers decreased significantly in the percentage of colonies when compared with all other treatment groups. In the in vitro culture assay, the combination of DBP-MAF/CSF-1 elicited the greatest increase of the macrophage population when compared with other treatment groups. However, CSF-I alone had an extremely significant effect on this population as well. In the neutrophil population, the combination treatment had the most profound effect on the decrease of this population. However, both DBP-MAF and CSF-I elicited effects on this population, as well as in the normal animals, but DBP-MAF did not significantly affect any of the macrophage or neutrophil colony percentages in the mutant cultures. For personal use only. on November 16, 2017. by guest www.bloodjournal.org From tion with CSF-1 alone did not ameliorate any skeletal defects including the osteoclast dysfunction. Alternatively, treatment with DBP-MAF alone had a positive influence on the skeletal abnormalitie~.~~ Combined treatment increased bone resorption over either therapy alone.38 Further studies in this laboratory have shown that treatment of ia mutant rats with small dosages of DBP-MAF (200 pg/rat) retum the defective oxidative metabolism of isolated macrophages to within the normal parameters." Following this finding, it was hypothesized that the combination CSF-l/DBP-MAF treatment might stimulate the formation, differentiation and activation of macrophages and osteoclasts in the ia rat more so than individual treatment with either compound.
When rats were treated in vivo with CSF-1, DBP-MAF, and the combination of these two compounds, the population of cells within the peritoneal cavity shifts toward the macrophage lineage, at the expense of the neutrophil population. Additional evidence of the phenomenon in the CSF-1 and combination treatment is seen in the in vitro soft agar culture system. Total colony numbers increased significantly from control cultures in both the normal and mutant animals when cells were seeded on either CSF-1 or the DBP-MAFKSF-1 combination. When colonies are broken down by cell type, this increase can be attributed to the macrophage-type colony (see Fig 4) . However, in these colony-forming assays, DBP-MAF was not as effective in shifting the cellularity from the neutrophil population to this macrophage population. The observation of the increase in the percentage of macrophage colonies present in the CSF-1 and the combination DBP-MAF/CSF-1 feeder layers and the decrease in the percentage of neutrophil colonies in these cultures is further demonstration of the shift from cells directed toward the neutrophil lineage to cells of the macrophage/osteoclast lineage. In both the in vitro and the in vivo study, DBP-MAF did not show the profound effects that CSF-1 and the combination therapy showed. It is quite possible that DBP-MAF acts at the level of the terminally differentiated osteoclast and macrophage rather than at an earlier level of this hematopoietic lineage. Incisors-absent osteopetrotic animals receiving DBP-MAF show accentuated bone resorption3' and macrophage activity''; however, the monocytehacrophage population was not significantly affected by DBP-MAF in both the bone marrow study, as well as the peritoneal study.
The soft agar culture assay is comprised of cells of many stages of the hematopoietic lineages, from the pluripotent stem cell to more terminally differentiated cells. Given the fact that there are no more colonies in the control cultures than in the DBP-MAF cultures, DBP-MAF is clearly not exerting proliferative effects on the stem cells. Therefore, the effects of DBP-MAF on the hematopoietic lineage are occurring after the self-renewing stem cell, and possibly even as late as the terminally differentiated cells of the mononuclear phagocyte lineage and osteoclasts.
The common precursor of the macrophage and the osteoclast is at the stage of the GM-CFC or later. Evidence of this common precursor is demonstrated in the osteopetrotic (op/op) mouse. CSF-1 has been shown to play a key role in the formation of macrophagehnonocyte co10nies.~~*~~ In the osteopetrotic (op) mouse, it has been shown that the lack of CSF-1 in these animals is vital to the progress of the disea~e.'~,'~ The deficiency of macrophage and osteoclast precursors explains the total lack of a bone marrow cavity. When CSF-1 is given to these animals, macrophages and osteoclasts appear with the subsequent appearance of the bone marrow cavity. This finding would suggest that the formation of these cells is compromised in the op animals, a condition that can be corrected by the addition of CSF-
Recently, work has been done by Nilsson et a145 studying granulocyte-macrophage colony-stimulating factor (GM-CSF) in the op/op osteopetrotic mouse. The op mice have been observed to undergo an age-related correction of the macrophage and skeletal defects associated with this mutation. 46 ,47 Beginning around 6 weeks of age, increased cellularity in the bone marrow microenvironment can be observed in the op mouse, which progresses to about 22 weeks where cellularity within the cavity is present at normal levels?' Because the gene defect cannot spontaneously correct, there could be another factor with CSF-1 -like activity that compensates for the CSF-1 deficiency. This agent apparently would exert its effect on the skeletal system later in life. The age-related correction of the skeletal and hematopoietic defects seen in the op mouse were still present despite the absence of GM-CSF studied in a GM-CSF knockout expressed in the op mouse mutation. It is, therefore, plausible that another compound could be responsible for the agerelated correction of these defects seen in the op/op mouse mutation. DBP-MAF could represent a candidate for an alternative compensatory factor that might upregulate macrophage and osteoclast function later in life in the op mouse mutation.
A possible altemate solution to the age-related correction of the op mouse osteopetrotic phenotype was recently put forth. The investigators suggest that the correction may be due to a variant form of CSF-1 in these animals caused by an alternate splice site that has yet to be discovered (for review, see Hume et a149). This new form of CSF-1 would not be as physiologically active as the more common CSF-1 types and, therefore, would account for the slow correction of the phenotype. Whether the age-related correction of osteopetrosis in the op mouse is due to a CSF-1 compensatory molecule or an alternative splice site of CSF-1 remains to be shown.
The results of this study and our previous studies in the ia rat37. 38 .
indicate that DBP-MAF, unlike CSF-1, appears to affect more terminally differentiated cells such as the macrophage and the osteoclast. Additionally, DBP-MAF does not appear to have any stimulatory effect on the hematopoietic stem cell population to proliferate and generate colonies. In the op/op and idia rat osteopetrotic mutations, macrophages and osteoclasts are present; however, these cells have reduced function. Vitamin D binding protein-macrophage activating factor has previously been shown to activate macrophages even at very low doses.'.''." When DBP-MAF was given to ia and op rats, the macrophage defect present in these animals was overcome and activation of these cells occurred. Additionally, a loss of the excessive bone was ob~erved.'~ Although a novel DBP-MAF receptor has not For personal use only. on November 16, 2017. by guest www.bloodjournal.org From yet been found on the terminally differentiated osteoclast, it has been shown that DBP-MAF does have an effect on these cells. On "isolated" rat osteoclasts in culture, the addition of DBP-MAF upregulates osteoclast activity in a dose-dependent manner when compared with control osteoclast cultures." The results of these preliminary data suggest that there is an interaction of DBP-MAF with the osteoclast; however, a DBP-MAF receptor on the osteoclast has yet to be discovered. Therefore, whether DBP-MAF has a direct or indirect effect on osteoclast function has to be resolved by future investigations that are ongoing in our laboratory.
Implications of these findings may be found in disease states other than osteopetrosis. Diseases that result in either detrimental neutrophilia or decreased macrophage productiordactivation could potentially benefit from CSF-1, DBP-MAF, or combination treatment. Notably, the defective monocyte function found in patients with systemic lupus erythematosus could conceivably benefit from increased macrophage function."
These results have exceptional implications in the childhood disease osteopetrosis. The stimulation via CSF-1 and subsequent activation via DBP-MAF of the macrophage/ osteoclast precursor cells (as shown in previous studies) will allow a greater number of cells to be recruited to perform the activities of both phagocytosis and bone resorption, given their common precursor. The recruitment and activation of these cells may help to correct the bone and immune defects found in the disease osteopetrosis. Children who are diagnosed with the infantile, malignant form of osteopetrosis could be screened for defects in DBP and/or DBP-MAF. Affected children could be treated with ex vivo generated DBP-MAF. Additionally, the effects of DBP-MAF could be enhanced using a combined CSF-l/DBP-MAF therapy, as in the previous animal studies.'* Unlike the tl rat and op mouse, no CSF-1 defect has been detected in osteopetrotic ~hildren.'~ In light of this, treatment might be most effective if the combined CSF-l/DBP-MAF therapy were employed for some human forms of the disease.
